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Introduction
Pyridine derivatives have attracted considerable interest because of their great practical usefulness due to their various biological activities. Among them, fused analogues are often much more biologically active. More particularly, thienopyridines have been shown to exhibit a large variety of biological activities.
1 Nowadays the chemistry of the [2,3-b]-isomers is better known in comparison with the [3,2-b]-isomers. The diversity of biological activities gave an impulse to the development of convenient synthetic routes for the synthesis of the thieno[3,2-b]pyridine system. Most of the methods for the synthesis of thieno[3,2-b]pyridines are based on the use of readily accessible 3-aminothiophenes or their N-derivatives 2 and only few synthesis have already been described starting from the pyridine ring. 3 For example, Fort et al. have reported a three-step process allowing the construction of the thiophene ring. The key step was the almost regioselective lithiation-bromination of the 3-methylthiopyridine induced by the BuLi-LiDMAE superbase (DMAE: 2-(dimethylamino)ethanol) followed by a Sonogashira coupling and a halogenocyclization to give the corresponding 2-substituted (Ph or TMS) 3-halothieno[3,2-b]pyridines. In the last few years our group has been interested in the synthesis of thieno[3,2-b]pyridine derivatives. We have reported a one-pot two-step synthesis of the methyl 3-amino-6-bromothieno[3,2-b]pyridine-2-carboxylate from 5-bromo-3-nitropicolinonitrile and methyl thioglycolate in DMF/KOH(aq). 4 This product was obtained in excellent yield and it was further functionalized by C-C (Suzuki, Sonogashira) 5a ,b or C-N (Buchwald-Hartwig) 5c couplings, to give new derivatives exhibiting inhibitory growth activity in human tumor cell lines. 5 Herein, we describe a new and general method for the synthesis of thieno[2,3-b] and [3,2-b]pyridines bearing a (hetero)aryl substituent in the 2-position, from 2-or 3-chloro(hetero)arylethynylpyridines obtained by Sonogashira coupling of 2,3-dihalopyridines with (hetero)arylalkynes, followed by treatment with sodium sulfide (Na 2 S) as depicted in Scheme 1. 
Results and discussion
Optimization experiments were first carried out on the Sonogashira reaction 6 of the 3-bromo-2-chloropyridine with phenylacetylene using PdCl 2 (PPh 3 ) 2 as the catalyst, CuI as the cocatalyst. The best conditions were the ones presented in Scheme 2, using Et 3 N as the base and the solvent, with only a slight excess of phenylacetylene (1.1 equiv.), as it is well known that an important side reaction, namely the Glaser-type oxidative dimerization of the alkyne, usually occurs in the presence of Cu(I). Scheme 2. Sonogashira coupling of 3-bromo-2-chloropyridine with phenylacetylene.
The isolation of the 2,3-bis(phenylethynyl)pyridine as a minor product has been observed and its formation increases with the reaction time.
Using these conditions various 2-chloro-3-ethynylpyridines were synthesized in moderate to good yields (Table 1 , products 1-13). The reaction time being quite low, the moderate yields that were obtained with some aryl and heteroarylalkynes were mostly related to the dimerization of the alkyne, and not to the formation of the di(hetero)arylethynylpyridine, as it occurred when phenylacetylene was used (Scheme 2).
The synthesis of the corresponding 3-chloro-2-ethynylpyridines was also performed, using the same conditions (Table 1 , products 14-26). As expected, the yields were much higher when 2-bromo-3-chloropyridine was used as the starting material, due to the better activation of the bromine in the 2-position for the Sonogashira coupling. Thus, all the expected 3-chloro-2-(hetero)arylethynylpyridines were synthesized in very good to excellent yields from either electron-rich or electron-poor (hetero)arylalkynes (from 70% to 93%).
The synthesis of annulated thiophene rings from orthohaloalkynyl antraquinones, benzenes, naphthalenes, and pyrazoles to give antrathiophenediones, 8a respectively, has already been described using Na 2 S.
In the present work the reaction of the Sonogashira coupling products 1-26 with Na 2 S overnight, gave the thieno[2,3-b]pyridines 27-39 and the thieno[3,2-b]pyridines 40-52 in good to excellent yields (Table 1) . This methodology was applied by us for the first time to the synthesis of thienopyridine derivatives.
A plausible mechanism is a nucleophilic attack (S N Ar) of the hydrosulfide ion on the ortho-chloroalkynylpyridine followed by an intramolecular addition on the triple bond but on the other hand an addition of the hydrosulfide ion to the triple bond may occur, followed by a S N Ar/cyclization (Scheme 3). Unexpected results were obtained for the cyclization of the ortho-methoxylated Sonogashira coupling products 7 and 20: instead of the expected 2-(2-methoxyphenyl)thienopyridines, the cyclization with Na 2 S gave the corresponding hydroxylated thienopyridines 33 and 46 in good to high yields (Table 1) , maybe due to the spatial proximity of the sulfide anion intermediate with the methoxy group.
We have also used this methodology through a one-pot procedure. Thus, after coupling the 2,3-dihalopyridines with (hetero)arylalkynes at 100 o C for 2h, Na 2 S was added to the reaction mixture without the isolation of the Sonogashira coupling product and the solution was allowed to stir at 130 ºC for a further 2h. Some examples were performed using these conditions and the thienopyridines 27, 28, 30-32, 36-41, 43-45 and 49-52 were obtained in good to excellent yields (Table 2) . The expected thienopyridines were purified by recrystallization or dry flash chromatography. The yields obtained under this onepot procedure were at least as good and often higher than those obtained when the reactions were performed with isolation of the Sonogashira coupling product.
After adding Na 2 S, the reaction was much faster when performed in one-pot, as only 2h of heating were required for the reaction to reach completion. This is agreement with Müller et al. To valorize this work, some of the thienopyridines obtained were further functionalized. Our group is interested in the synthesis of di(hetero)arylureas from thienopyridine derivatives bearing an amine moiety. Indeed, it has been well established that urea derivatives have got a significant place in modern medicinal chemistry as they have been reported in the literature as anticancer agents, 10 anticonvulsant 11 and CXCR 3 antagonist. 12 1,3-Diarylurea derivatives, and particularly in the thienopyridine series, were also reported as cell growth factor receptor tyrosine kinase inhibitors, as anticancer and/or antiangiogenic compounds. The halogenation of some thienopyridines was also performed. The presence of a bromine or a chlorine atom will allow further functionalizations by metal-catalyzed coupling reactions (C-C, C-N and C-O) or nucleophilic substitution, leading to the synthesis of new thienopyridine derivatives.
The bromination in the 3-position of the 2-phenylthienopyridines 27 and 40 was done using Br 2 in dry ether at 0 ºC, affording the corresponding 3-bromo-2-phenylthienopyridines 54 and 55 in moderate yields (Scheme 5). With 2-(pyridin-3-yl)thieno[2,3-b]pyridine 37, the expected 3-bromo derivative 56 was obtained in a good yield (65%) using dry CH 2 Cl 2 as the solvent due to the low solubility of the starting material. Compound 55 was already obtained by Fort et al. 3d in a total yield of 32% in a three-step methodology starting from 3-methylthiopyridine (that has to be previously synthesized by reacting 3-bromopyridine with tBuLi and dimethylsulfur). However this methodology implies the use of delicate reaction conditions (the use of nBuLi and tBuLi requires to work in extremely dry conditions, under argon, and at temperatures as low as -90ºC), and the reactions were not completely regioselective. In our case, product 55 was synthesized from the commercially available 2-bromo-3-chloropyridine also in three steps in a better total yield (40% through the one-pot procedure for compound 40), using simple and regioselective reactions.
Chlorination in the 4-position of the thieno[2,3-b]pyridine 32 was also performed, following a procedure via the preparation of the N-oxide using 3-chloroperoxybenzoic acid (MCPBA).
14 After evaporation of the solvents the solid obtained was treated with POCl 3 using CHCl 3 as the solvent 15 to afford the 4-chlorothieno[2,3-b]pyridine 57 in high yield (Scheme 6). This will allow the functionalization of the pyridine ring of the system which is also important for the synthesis of biologically active compounds. 
Conclusion
We have developed a general and efficient methodology for the synthesis of 2-(hetero)arylthieno[2,3-b] or [3,2-b]pyridines from 2,3-dihalopyridines, (hetero)arylalkynes and Na 2 S, that works also in a one-pot procedure, reducing significantly the time of the last steps. The compounds obtained were submitted to further functionalizations. A 1,3-diarylurea was prepared as an example of functionalization of thienopyridines bearing an aniline with an arylisocyanate. The corresponding 3-bromo-2-(hetero)arylthienopyridines were successfully obtained after bromination with bromine. An example of chlorination in the pyridine ring was also presented with the synthesis of the 4-chloro-2-(3-methoxyphenyl)thieno[2,3-b]pyridine, via the corresponding N-oxide followed by the reaction with POCl 3 . These thienopyridines may be used as precursors to synthesize biologically active compounds. Column chromatography was performed on Macherey-Nagel silica gel 230-400 mesh or on silica-gel. Preparative layer chromatography (PLC) was performed on Macherey-Nagel 20 x 20 cm 2 silica plates, layer 2 mm SIL G-200 UV 254 . Petroleum ether refers to the boiling range 40-60 o C. Ether refers to diethyl ether. The increase of polarity in solvent gradient was made from neat petroleum ether to mixtures of ether/petroleum ether, increasing 10% of ether each time until the isolation of the products, unless stated otherwise. The most polar products were isolated using neat ether, mixtures of ether/ethyl acetate or neat ethyl acetate.
Experimental section

General experimental conditions for the Sonogashira reactions:
In a dry Schlenk tube, the dihalopyridine, CuI (6 mol%) and PdCl 2 (PPh 3 ) 2 (3 mol%) were added in Et 3 N (2 ml per mmol of pyridine).
After stirring for 10 minutes, the (hetero)arylacetylene (1.0 or 1.1 equiv.) was added, and the solution was heated to 100 °C in a silicone bath for 2h. The reactions were monitored by TLC, following the disappearance of the starting materials. After completion, the mixture was allowed to cool to room temperature. Then ethyl acetate and water were added and the organic phase was separated, dried (MgSO 4 ) and filtered. Removal of the solvent under reduced pressure gave either oils which were submitted to column chromatography or pure products corresponding to the expected (hetero)arylethynyl)pyridines.
. 2 . 1 . 2 -C h l o r o -3 -(p h e n y l e t h y n y l )p y r i d i n e (1 ) a n d 2 , 3 -b i s (p h e n y l e t h y n y l )p y r i d i n e
From 3-bromo-2-chloropyridine (192 mg, 1.00 mmol) and phenylacetylene (1.1 equiv.) and after purification by column chromatography using a solvent gradient from neat petroleum ether to 10% ether/petroleum ether, compound 1 was obtained as an yellow solid (170 mg, 80%). Recrystallization from ether/petroleum ether gave yellow crystals, m.p. 57-59 ºC. 
. 2 . 2 . -[ (2 -C h l o r o p y r i d i n -3 -y l )e t h y n y l] a n i l i n e (2 )
From 3-bromo-2-chloropyridine (144 mg, 0.750 mmol) and 4-ethynylaniline (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 40% ether/petroleum ether to 50% ether/petroleum ether, compound 2 was obtained as a yellow pale solid (68.0 mg, 40%). Recrystallization from ether/petroleum ether gave pale yellow crystals, m.p. 111-113 ºC. 
. 2 . 3 . 3 -[ (2 -C h l o r o p y r i d i n -3 -y l )e t h y n y] a n i l i n e (3 )
From 3-bromo-2-chloropyridine (150 mg, 0.770 mmol) and 3-ethynylaniline (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 35% ether/petroleum ether to 50% ether/petroleum ether, compound 3 was obtained as a yellow oil (95.2 mg, 55%). 
. 2 . . 2 -[ (2 -C h l o r o p y r i d i n -3 -y l )e t h y n y l] a n i l i n e ()
From 3-bromo-2-chloropyridine (192 mg, 1.00 mmol) and 2-ethynylaniline (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 50% ether/petroleum ether to 60% ether/petroleum ether, compound 4 was obtained as a brown solid (116 mg, 50% 
. 2 . 5 . 2 -C h l o r o -3 -[ (-m e t h o x y p h e n y l )e t h y n y l] py r i d i n e (5 )
From 3-bromo-2-chloropyridine (150 mg, 0.780 mmol) and 1-ethynyl-4-methoxybenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% 
. 2 . 6 . 2 -C h l o r o -3 -[ (3 -m e t h o x y p h e n y l )e t h y n y l] py r i d i n e (6 )
From 3-bromo-2-chloropyridine (150 mg, 0.780 mmol) and 1-ethynyl-3-methoxybenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% ether/petroleum ether to 30% ether/petroleum ether, compound 6 was obtained as a colorless oil (140 mg, 74% 
. 2 . 7 . 2 -C h l o r o -3 -[ (2 -m e t h o x y p h e n y l )e t h y n y l] py r i d i n e (7 )
From 3-bromo-2-chloropyridine (150 mg, 0.780 mmol) and 1-ethynyl-2-methoxybenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% ether/petroleum ether to 30% ether/petroleum ether, compound 7 was obtained as a colorless oil (118 mg, 64% 
. 2 . 8 . 3 -[ (-Br o m o p h e n y l )e t h y n y l] -2 -c h l o r o p y r i d i n e (8 )
From 3-bromo-2-chloropyridine (150 mg, 0.770 mmol) and 1-bromo-4-ethynylbenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% ether/petroleum ether to 30% ether/petroleum ether, compound 8 was obtained a yellow solid (90 mg, 40%) 
. 2 . 9 . 2 -C h l o r o -3 -[ (3 -f l u o r o p h e n y l ) e t h y n y l] p y r i d i n e (9 )
From 3-bromo-2-chloropyridine (100 mg, 0.530 mmol) and 1-ethynyl-3-fluorobenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% ether/petroleum ether to 30% ether/petroleum ether, compound 9 was obtained as a colourless oil (80.0 mg, 70 %). 
. 2 . 1 0 . 2 -C h l o r o -3 -[ (t h i o p h e n -3 -y l )e t h y n y l] p y r i d i n e (1 0 )
From 3-bromo-2-chloropyridine (150 mg, 0.770 mmol) and 3-ethynylthiophene (1.1 equiv) and after purification by column chromatography using 30% ether/petroleum ether, compound 10 was obtained as a colorless oil (117 mg, 70% 
. 2 . 1 1 . 2 -C h l o r o -3 -(p y r i d i n -3 -y l e t h y n y l )p y r i d i n e
(1 1 ) From 3-bromo-2-chloropyridine (192 mg, 1.00 mmol) and 3-ethynylpyridine (1.1 equiv.) and after purification by column chromatography using a
. 2 . 1 2 . 2 -C h l o r o -3 -(p y r i d i n -2 -y l e t h y n y l )p y r i d i n e
(1 2 ) From 3-bromo-2-chloropyridine (150.0 mg, 0.770 mmol) and 2-ethynylpyridine (1.0 equiv) and after purification by column chromatography using a solvent gradient from 35% ether/petroleum ether to 40% ether/petroleum ether, compound 12 was obtained as a colorless
. 2 . 1 3 . 2 -C h l o r o -3 -[ (1 -m e t h y l -1 H -i m i d a z o l -5 -y l )e t h y n y l] p y r i d i n e (1 3 )
From 3-bromo-2-chloropyridine (192 mg, 1.00 mmol) and 5-ethynyl-1-methyl-1H-imidazole (1.1 equiv.) and after purification by column chromatography using neat ethyl acetate as the solvent, compound 13 was obtained as an offwhite solid (116 mg, 55%). Recrystallization from ether/petroleum ether gave yellow crystals, m.p. 120-122 ºC. 
. 2 . 1 . 3 -C h l o r o -2 -(p h e n y l e t h y n y l )p y r i d i n e (1 )
From 2-bromo-3-chloropyridine (96.0 mg, 0.500 mmol) and phenylacetylene (1.1 equiv.) and after purification by column chromatography using a solvent gradient from neat petroleum ether to 20% ether/petroleum ether, compound 14 was obtained as a yellow solid (94.0 mg, 88%). Recrystallization from ether/petroleum ether gave yellow crystals, m.p. 48-50 ºC. 129.37 (4´-CH), 132.20 (2´and 6´-CH), 134.14 (C), 136.72 (4-CH), 142.04 (C), 147.70 (6-CH) ppm. Anal. Calcd for C 13 
. 2 . 1 5 . -[ (3 -C h l o r o p y r i d i n -2 -y l )e t h y n y l] a n i l i n e (1 5 )
From 2-bromo-3-chloropyridine (96.0 mg, 0.500 mmol) and 4-ethynylaniline (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 50% ether/petroleum ether to 70% ether/petroleum ether, compound 
. 2 . 1 6 . 3 -[ (3 -C h l o r o p y r i d i n -2 -y l )e t h y n y l] a n i l i n e (1 6 )
From 2-bromo-3-chloropyridine (96.0 mg, 0.500 mmol) and 3-ethynylaniline (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 50% ether/petroleum ether to 70% ether/petroleum ether, compound 16 was obtained as a beige solid (95.0 mg, 83% 
. 2 . 1 7 . 2 -[ (3 -C h l o r o p y r i d i n -2 -y l )e t h y n y l] a n i l i n e (1 7 )
From 2-bromo-3-chloropyridine (120 mg, 0.624 mmol) and 2-ethynylaniline (80.0 mg, 0.687 mmol) and after purification by column chromatography using a solvent gradient from 50% ether/petroleum ether to 70% ether/petroleum ether, compound 17 was obtained as a yellow solid (126 mg, 89%). Recrystallization from ether/petroleum ether gave beige crystals, m.p. 111-112 ºC. Cl, 100). HRMS: Calcd for 
. 2 . 1 8 . 3 -C h l o r o -2 -[ (-m e t h o x y p h e n y l )e t h y n y] p yr i d i n e (1 8 )
From 2-bromo-3-chloropyridine (100 mg, 0.530 mmol) and 1-ethynyl-4-methoxybenzene (1.0 equiv), compound 18 was obtained a yellow solid (114.0 mg, 90% 
. 2 . 1 9 . 3 -C h l o r o -2 -[ (3 -m e t h o x y p h e n y l )e t h y n y l] py r i d i n e (1 9 )
From 2-bromo-3-chloropyridine (100 mg, 0.530 mmol) and 1-ethynyl-3-methoxybenzene (1.0 equiv.) compound 19 was obtained as oil (120.0 mg, 92% 
. 2 . 2 0 . 3 -C h l o r o -2 -[ (2 -m e t h o x y p h e n y l )e t h y n y l] py r i d i n e (2 0 )
. 2 . 2 1 . 2 -[ (-Br o m o p h e n y l )e t h y n y l] -3 -c h l o r o p y r i d i n e (2 1 )
From 2-bromo-3-chloropyridine (150 mg, 0.770 mmol) and 1-bromo-4-ethynylbenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% ether/petroleum ether to 30% ether/petroleum ether, 
. 2 . 2 2 . 3 -C h l o r o -2 -[ (3 -f l u o r o p h e n y l ) e t h y n y l] p y r i d i n e (2 2 )
From 2-bromo-3-chloropyridine (60.0 mg, 0.300 mmol) and 1-ethynyl-3-fluorobenzene (1.0 equiv) and after purification by column chromatography using a solvent gradient from 25% ether/petroleum ether to 30% ether/petroleum ether, compound 22 was obtained as an oil (40.0 mg, 60 %).
1 H NMR (400MHz, CDCl 3 ): δ = 7.08-7.14 (m, 1H), 7 
. 2 . 2 3 . 3 -C h l o r o -2 -[ (t h i o p h e n -3 -y l )e t h y n y l] p y r i d i n e (2 3 )
From 2-bromo-3-chloropyridine (150 mg, 0,770 mmol) and 3-ethynylthiophene (1.1 equiv) and after purification by column chromatography using 30% ether/petroleum ether, compound 23 was obtained as an oil (130.7 mg, 70%). 
. 2 . 2 . 3 -C h l o r o -2 -(p y r i d i n -3 -y l e t h y n y l )p y r i d i n e (2 )
From 2-bromo-3-chloropyridine (96.0 mg, 0.500 mmol) and 3-ethynylpyridine (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 50% ether/petroleum ether to 70% ether/petroleum ether, compound 24 was obtained as an off-white solid (93.0 mg, 87%). Recrystallization from ether/petroleum ether gave off-white crystals, m.p. 58-60 ºC. 
. 2 . 2 5 . 3 -C h l o r o -2 -(p y r i d i n -2 -y l e t h y n y l )p y r i d i n e (2 5 )
From 2-bromo-3-chloropyridine (96.0 mg, 0.500 mmol) and 2-ethynylpyridine (1.1 equiv.) and after purification by column chromatography using a solvent gradient from 50% 
. 2 . 2 6 . 3 -C h l o r o -2 -[ 2 -(1 -m e t h y l -1 H -i m i d a z o l -5 -y l )e t h y n y l] p y r i d i n e (2 6 )
From 2-bromo-3-chloropyridine (96.0 mg, 0.500 mmol) and 5-ethynyl-1-methyl-1H-imidazole (1.1 equiv.) and after purification by column chromatography using neat ethyl acetate, compound 26 was obtained as a yellow solid (86.0 mg, 80%). Recrystallization from ether/petroleum ether gave yellow crystals, m.p. 149-151 ºC.
1 H NMR (400 MHz,DMSO- 
General conditions for the synthesis of thienopyridines:
Two-pots: A suspension of the (hetero)arylethynylpyridines with Na 2 S (4.0 equiv.) in DMF was stirred in an oil bath at 130 ºC overnight. Then the mixture was diluted with H 2 O and extracted three times with ethyl acetate. The combined organic layers were washed with brine, dried over anhydrous MgSO 4 , filtered, and concentrated to dryness under reduced pressure, affording the expected thienopyridines as solids.
One-pot: the Sonogashira reaction was performed according to 4.2. After completion, Na 2 S (4.0 equiv.) in DMF was added and the mixture was heated at 130ºC during 2h. After workup (described in 4.3) the crude product was purified by recrystallization or dry flash chromatography.
. 3 . 1 . 2 -Ph e n y l t h i e n o [ 2 , 3 -b] p y r i d i n e (2 7 )
From compound 1 (91.0 mg, 0.426 mmol), compound 27 was obtained as an orange solid (81.0 mg, 90%). In one-pot, from 3-bromo-2-chloropyridine (70.0 mg, 0.364 mmol) and phenylacetylene (1.1 equiv.) and after purification by dry flash chromatography using a solvent gradient from neat petroleum ether to 10% ether/petroleum ether, compound 27 was obtained as an orange solid (65.0 mg, 85%).
. 3 . 2 . -( T h i e n o [ 2 , 3 -b] p y r i d i n -2 -y l )a n i l i n e (2 8 )
From compound 2 (50.0 mg, 0.220 mmol), compound 28 was obtained as a yellow oil (45.0 mg, 91%). In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 4-ethynylaniline (1.1 equiv.) and after purification by dry flash chromatography using a solvent gradient from 40% ether/petroleum ether to 60% ether/petroleum ether, compound 25 was obtained as a beige solid (31.0 mg, 40%). In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 2-ethynylaniline (1.1 equiv.) and after purification by dry flash chromatography using a solvent gradient from 40% ether/petroleum ether to 60% ether/petroleum ether, compound 27 was obtained as a beige solid (35.0 mg, 45%). In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 4-ethynylanisole (1.1 equiv.) and after recrystallization from ether/petroleum ether, compound 31 was obtained as a yellow solid (60.0 mg, 74%). In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 3-ethynylanisole (1.1 equiv.) and after recrystallization from ether/petroleum ether, compound 32 was obtained as a yellow solid (50.0 mg, 62%). 
. 3 . 3 . 3 -( T h i e n o [ 2 , 3 -b] p y r i d i n -2 -y l )a n i l i n e (2 9 )
. 3 . . 2 -( T h i e n o [ 2 , 3 -b] p y r i d i n -2 -y l )a n i l i n e (
. 3 . 5 . 2 -(-M e t h o x y p h e n y l )t h i e n o [ 2 , 3 -b] p y r i d i n e
. 3 . 6 . 2 -(3 -M e t h o x y p h e n y l )t h i e n o [ 2 , 3 -b] p y r i d i n e (3 2 )
. 3 . 7 . 2 -( T h i e n o [ 2 , 3 -b] p y r i d i n -2 -y l )p h e n o l (
. 3 . 8 . 2 -(-Br o m o p h e n y l )t h i e n o [ 2 , 3 -b] p y r i d i n e (3 )
From In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 3-ethynylthiophene (1.1 equiv.) and after purification by dry flash chromatography using a solvent gradient from neat petroleum ether to 20% ether/petroleum ether, compound 36 was obtained as a yellow solid (44.0 mg, 60%).
. 3 . 9 . 2 -(3 -Fl u o r o p h e n y l )t h i e n o [ 2 , 3 -b] p y r i d i n e (3 5 )
. 3 . 1 0 . 2 -( T h i o p h e n -3 -y l )t h i e n o [ 2 , 3 -b] p y r i d i n e
. 3 . 1 1 . 2 -( Py r i d i n -3 -y l )t h i e n o [ 2 , 3 -b] p y r i d i n e (3 7 )
From compound 11 (101 mg, 0.471 mmol), compound 37 was obtained as a brown solid (70.0 mg, 70%). Recrystallization from ether/petroleum ether gave brown crystals, m.p. 86-88 ºC. In one-pot, from 3-bromo-2-chloropyridine (80.0 mg, 0.416 mmol) and 3-ethynylpyridine (1.1 equiv.) and after purification by dry flash chromatography using neat ether as the solvent, compound 37 was obtained as an off-white solid (62.0 mg, 70%). , 1H, 5-H), 7.92-7.97 (m, 1H), 8.08 (s, 1H, 3-H),  8.10-8.13 (m, 1H), 8.26 (dd, J = 8.0 and 1.6 Hz, 1H, 4-H In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 2-ethynylpyridine (1.1 equiv.) and after purification by dry flash chromatography using neat ether as the solvent, compound 38 was obtained as an off-white solid (47.0 mg, 66%).
. 3 . 1 2 . 2 -( Py r i d i n -2 -y l )t h i e n o [ 2 , 3 -b] p y r i d i n e (3 8 )
. 3 . 1 3 . 2 -(1 -M e t h y l -1 H -i m i d a z o l -5 -y l )t h i e n o [ 2 , 3 -b] p y r i d i n e (3 9 )
From compound 13 (100 mg, 0.466 mmol), compound 39 was obtained as an off-white solid (70.0 mg, 71%). Recrystallization from ether/petroleum ether gave off-white crystals, m.p. 78-80 ºC. In one-pot, from 3-bromo-2-chloropyridine (65.0 mg, 0.338 mmol) and 5-ethynyl-1-methyl-1H-imidazole (1.1 equiv.) and after recrystallization from ether/petroleum ether, compound 39 was obtained as an off-white solid (47.0 mg, 66%). In one-pot, from 2-bromo-3-chloropyridine (70.0 mg, 0.364 mmol) and phenylacetylene (1.1 equiv.) and after recrystallization from ether/petroleum ether, compound 40 was obtained as an orange solid (72.0 mg, 94%). 
. 3 . 1 . 2 -Ph e n y l t h i e n o [
. 3 . 1 5 . -( T h i e n o [ 3 , 2 -b] p y r i d i n -2 -y l )a n i l i n e (1 )
